The microbiological and hydrolysis studies under the conditions o f the human physiological pH attest the ampicillin maintains its activity and may be released in oral administration.
Introduction
There are two highly desirable objectives in chemotherapy: to enhance the specificity of a drug and to increase the duration of its action.
The first objective is attained by the systematic chemical modification of drugs, strict control of con centration and restriction of the action to one bondy com partm ent [1] [2] [3] .
The second is attained by the drug coupling on biologically inactive polymers, natural [4] [5] [6] [7] [8] [9] [10] [11] and synthetic [12] , bio-and nonbiodegradable. A ntibio tics [8] [9] [10] [11] 13] , insulin [4 -6 ] , cytostatic agents [14] [15] [16] [17] were thus immobilized.
The support nature determ ines the am ount of the bound antibiotic and the therapeutic applications of the new drug. The B IO Z A N R is a polysaccharide of microbial synthesis tolerated by the human body when administrated by both oral and intravenenous way.
In the present paper the ampicillin immobilization on BIO ZA N R by the activation with dicyclohexyl carbodiimide is raported.
Experimental

Immobilization reaction
The ampicillin and 0.5 g of B IO ZA N R are added in 25 ml distilled water under stirring. The mixture is maintained at 10 °C and dicyclohexylcarbodiimide (D CI) solved in 2 ml TH F added. A fter the reaction took place the product is precipitated in acetone, dried under vacuum at the room tem perature, * R ep rin t requests to Prof. D r. S. D u m itriu . 0 340-5 0 8 7 /8 4 /0 3 0 0 -3 9 7 /$ 01.00/0 w ashed on the filter with TH F and on acetone-water m ixture (70% -30% by vol.) in which the unreacted ampicillin is soluble and dried finally under vacuum.
Determination o f the immobilized ampicillin
0.08 g product is solved in 50 ml of phosphate buf fer at pH = 6.1 ml IN N aO H solution is added to 5 ml solution and then allowed to stay for 20 min. 1 ml 1 N HC1, 5 ml acetate buffer of pH = 4.6 and 10 ml 0.01 N iodine solution are added and the mix ture is kept in the dark for 20 min. After adding 1 ml starch 1% the solution is titrated with 0.01 N sodium thiosulphate. To 5 ml of the initial solution 5 ml of acetate buffer of pH = 4.6 and 10 ml 0.01 N iodine are added; the solution is kept in the dark for 20 min, then 1 ml starch solution added and titrated with 0.01 N sodium thiosulphate. The difference between the two titrations represents the iodine consumption by the ampicillin in 5 ml of the sample solution. 1 ml 0.01 N iodine solution corresponds to 0.000437 g c 16h 19n 3o 4s .
Kinetical study o f ampicillin releasing a. Basic hydrolysis: 64.10'° mol sodium hidroxyde in 100 ml distilled water at 30 °C (pH 11.36). Poly m er containing 25.5% by wt. immobilized ampicillin (corresponding to 16.10~5 mol/1 coupled ampicillin) were introduced. The pH variation in time was fol lowed.
b. A cid hydrolysis: The polymer is introduced into 70 ml of HC1 solution of pH = 4.29 under the same conditions as above and the pH variation in time at 30 °C is followed.
Results and Discussion
The B IO Z A N R contains a main chain consisting of /3-anhydroglucosidic units 1-4 bound on which short chains of acetylated mannose. glucuronic acid and partially piruvilated mannose are grafted. The polym er is soluble in water, alkali and acid solutions, low alcohols, nontoxic when adm inistrated orally [18, 20] .
In order to find the optimum param eters for the condensation of B IO ZA N R with ampicillin a series of experim ents according to a central composite rotable (second order degree) design plan limiting to minimum the num ber of attem ps [21] .
The values of the param eters (independent vari able) were coded as in Table I . 
the regresion coefficients are determ ined and this function estimated. Y denotes the ampicillin amount bound on B IO ZA N R (Table II) . By applying the least squares method the regres sion coefficients in eq. (1) are calculated based on the following relation ships: The unsignificant regression coefficients were re mowed by using the test t which gives the coefficients ß ^ X ■ Sß (6) as significant, where ß represents the regression coefficients and s is determined by means of the relations: Sß = S.V0.073224 for coefficients (7) and Sß = s. V 0.0625 + 0.06889 for coefficients ß u (8) (9) Sß = s\/0,125 for coefficients ßÎ n the relation (7), (8) and (9) the average square deviation s of Y for the values in the center of the experim ental region (n = 6) was calculated by means of the relation:
where Y -the average value in the experimental plane center. The equation (11) gives the correlation between the experimental and theoretical data (Table II) and expreses the influence of the reaction conditions on the amount of the bound ampicillin. y = 25.388 + 5.3817*, + 2.8915x2 + 3.788*3 -1.78x22 -1.96*32 + 1.99jfijc3 -0.667x2*3 (11) In order to reduce the regression space dimensions X] -0 is taken and the equation (11) with the solutions *2s = 0.652; *3s = 0.854 and the determ inant -3 .5 6 2 -A -0 ,6 6 7 = 0 -0 .6 6 7 -3 .9 2 6 -A
which gives the equation (16) X2 -I-7.488 A + 13.667 = 0
with the solutions: = -3.152; A2 = -10.67 The negative values obtained for and X2 attest that the regression space (eq. (17)) Y -27.94 = -10.67*22 -3 .152*32 (17) has a single maximum in the stationary point, S (F s = 27.94).
The defining of the regression space gives the pos sibility of drawing the level lines (Fig. 1) . The op timum values DCI = 1.10-3 mol and time -7.5 h are thus found.
The am ount of bound ampicillin was found to in crease linearly with increasing concentration in the reaction medium (Fig. 2) . A linear variation was also noticed for different reaction times (Fig. 3) . The optimum reaction time is noticed to increase with increasing ampicillin concentration. The conclu sion may be drawn that the amount of the ampicillin decomposing in the unit time is constant regardless its concentration in the system (Fig. 4) .
The carbodiimide acts as a reaction catalyst at stoichiometrical or somewhat higher concentration with respect to ampicillin (Fig. 5) . Above these val ues the bound antibiotic seffers deactivations by the catalysis of the /Mactonic ring hydrolysis.
W hen the compound is a drug with retard action the study on the release of bound ampicillin is impor- tant. In this connection we studied the ampicillin bound on polymer in both acid and basic medium. The kinetical study perform ed by following the varia tion of the pH solution indicates the splitting of the esteric bond.
In acid medium the rate of HC1 consumption is higher for the sample of low ampicillin content since this will substitute the rem anent Na and K at a higher rate instead of to participate to the hydrolysis reac tion. Inversely, for higher ampicillin content HC1 will act preferentially on the amidic bond and its con sum ption rate will be consequently lower.
In alkali medium the N aO H consumption depends on the sample ampicillin content since it acts on the peptide bond only.
H ence, the drug m ay be released in the physiologi cal medium of interm ediate pH value (blood plasma: pH = 7.4; pancreatic digestion pH = 7 .5 -8 ; intesti nal digestion pH = 6 .9 -7 .7 ; stomachal digestion pH = 1.0). The thin-layer chrom atography perform ed with samples of different ampicillin contents (samples 1-3, Table III ) indicate the absence of products of chemical degradation in the immobilization product.
The antimicrobial tests of the samples with cou pled ampicillin indicate a higher activity (Table III) than the theoretical values due to the gel effects and to the chemical protection by the carboxyl groups. The form ation of a microsystem of acid pH assures the ampicillin protection toward the hydrolytic at tack of penicillinases [24] while the gel character de term ines a cage effect [25] causing an increase activi ty of the ampicillin.
Conclusions
The immobilization of ampicillin on B IO Z A N R under the catalytic action of DCI gives a new antibio tic with retard action.
The coupling depends on the time, ampicillin and DCI concentrations, the optimum values being of time = 7.5 h, ampicilline 2.4 • 10-3 mol, DCI = 1 • 10"3 mol.
The relatively great am ount of the coupled am picillin (up to 40% ) may assure the attack dose necessary in the urgent and long duration treat ments.
The studies on the antibiotic release from the sup port under the pH conditions and ionical concentra tion characteristic of the physiological medium with in which the product is aimed to act made evident the posibility of ampicillin separation and its retard character.
